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INTRODUCTION
Rickettsia conorii conorii is the causative agent of
Mediterranean spotted fever (MSF) a life-threat-
ening zoonosis that is endemic in Mediterranean
countries [1]. In the early 1930s, Olmer supposed
that the vector of disease was the brown dog tick,
Rhipicephalus sanguineus. In 1932, Blanc and Cam-
inopetros demonstrated that larvae, nymphs,
adults, and over winter unfed males and females
could act as vectors of MSF [2]. It was also shown
that when eggs or larvae obtained from infected
Rh. sanguineus females, were crushed and used to
inoculate humans, the patients contracted MSF.
These data suggest that transovarial transmission
of the MSF agent occurs in ticks. However, we are
unaware of any well-documented demonstration
of transovarial transmission rate of R. conorii in
Rh. sanguineus (TOT, the proportion of infected
females giving rise to at least one positive egg or
larva), or the ﬁlial infection rate (FIR, proportion
of infected eggs or larvae obtained from an
infected female). Although it is not known,
infection with R. conorii is maintained over several
generations of Rh. sanguineus. Furthermore, a high
mortality of Rh. sanguineus group ticks infected
with R. conorii by several methods has been
recently reported [3,4]. Our aim was to examine
the vertical transmission of R. conorii in naturally
infected Rh. sanguineus ticks, to establish a colony
of infected ticks and to study the maintenance of
infection through several generations.
MATERIAL AND METHODS
A total of 30 engorged Rh. sanguineus female ticks were
collected from seven dogs of patients who contracted MSF in
Algeria between July and August 2006. Ticks were transported
to Marseille, France, and stored in environmental incubators at
25C and 90% RH with a day ⁄night photoperiod of 16:8
(L:D) h [4]. After they laid eggs, DNA was extracted from each
tick and all samples were tested by PCR for the rickettsial gltA
and rompA gene using primer pairs Rp CS.409p and Rp
CS.1258n, and Rr. 190.70 and Rr. 190.701 [4]. For all PCR
procedures, negative controls consisted of distilled water or
DNA extracted from uninfected ticks coming from our
laboratory’s colonies that were added to the PCR master mix
instead of the tick’s DNA. Ampliﬁed products were sequenced
as described [4]. A single specimen collected in Ghazonet,
Algeria, tested positive for R. conorii conorii (GenBank rompA,
identiﬁcation number: DQ518245 and gltA: AE008677). The
larvae, and all subsequent stages of this infected tick, were
placed on a New Zealand White rabbit (Oryctolagus cuniculus),
that was used as the host for the blood meal [4]. Specimens
(larvae, nymphs and adults) of the subsequent generations
were tested by PCR and sequencing was carried out as
described above [4]. Positive controls tested positive and no
signal was obtained from the negative controls for all PCR
reaction. Gimenez staining was used to check for rickettsiae in
salivary glands and ovary smears.
RESULTS
Four successive generations were obtained from a
Rh. sanguineus female infected with R. conorii
conorii. This rickettsia was detected by PCR in
specimens of all stages of these four generations.
A total of 20 ⁄ 20 females after laying eggs ran-
domly chosen from third and fourth generations
were positive by PCR. The pools of eggs from
these females were tested by PCR, and they all
(20 ⁄ 20) tested positive (Fig. 1). Filial transmission
rate of R. conorii conorii in ticks was calculated in
third and fourth generations. A total of 107 ⁄ 108
(99.07%) larvae from ﬁve infected females of the
third generation and 66 ⁄ 70 (94.3%) larvae of the
fourth generation from four infected females were
found to be infected with R. conorii conorii (Fig. 1).
Smears of salivary glands and ovaries of
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engorged Rh. sanguineus adults were positive by
Gimenez staining.
DISCUSSION
This study demonstrates for the ﬁrst time, the
vertical transmission of R. conorii conorii in natu-
rally infected Rh. sanguineus ticks over several
generations. Transstadial transmission is a neces-
sary component for the vectorial competence of
ixodid ticks. Furthermore, the TOT rate was
100%, and the FIR was up to 99% for the fourth
generations of infected ticks. Also, R. conorii was
detected in the ovaries of infected ticks, support-
ing the mechanism of transmission in infected Rh.
sanguineus.
The vertical transmission rate (the product of
the TOT and the FIR) has been shown as a
population prevalence that is the most useful for a
comparison with infection rates in nature. There-
fore, the population of infected ticks in nature
should be important. However, the prevalence of
ticks infected by R. conorii conorii in nature is low
(usually <1%). For example, 2229 Rh. sanguineus
ticks recently collected in Spain were tested for
the rickettsial agent and R. conorii was not found
[5].
More investigations on Rh. sanguineus–R. con-
oriii interactions are needed to understand the
discrepancy between the efﬁcient vertical trans-
mission of the agent in naturally infected ticks
and a low prevalence in nature. External factors
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Fig. 1. Study of the vertical transmission of Rickettsia conorii conorii in naturally infected Rhipicephalus sanguineus ticks. PCR:
polymerase chain reaction. TOT: transovarial transmission, the proportion of infected females giving rise to at least one
positive egg or larva. FIR: the ﬁlial infection rate, proportion of infected eggs or larvae obtained from an infected female.
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including variation of temperature and the effect
of stress and starvation may have a role in the
ﬁtness of infected ticks compared with non-
infected ticks. Also, surveys of potential animal
reservoirs of R. conorii conorii are necessary.
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